Introduction
Metastasis of hepatocellular carcinoma (HCC) to the mandible is uncommon. It has been reported that metastasis of malignant tumors to the oral cavity is extremely rare and constitutes only approximately 1% of malignant oral neoplasms (1) (2) . Metastatic tumors in the oral cavity are frequently derived from the breast, lung and kidney (1) (2) (3) (4) . In general, primary tumors are found before the oral metastatic lesions appear (1) (2) . On the other hand, it has been reported that metastatic lesions of HCC in the oral region are often recognized as the first indication of an undiscovered malignancy at the primary site (1, 3, (5) (6) . It is also known that HCC exhibits various histological features in tumor nodules and that diagnosis of metastatic lesions is sometimes difficult (7) (8) . From our review of the Japanese and English literature, 45 cases of HCC metastasis to the mandible have been noted since the first report by Dick et al in 1957 (9) , only five of which have been in females, including the present case (10) (11) (12) (13) . We describe here a rare case of metastatic HCC to the right mandible of a female in which the mandibular lesion was the first sign of the disease, and we present immunohistochemical and ultrastructural examinations along with a review of the literature. 
panorama X-ray photographs indicated a highly dense mass in her mandibular ramus. After the initial visit, she received a systemic bone scintigraphy examination at the Tokyo Dental College Ichikawa General Hospital. A bone scintigram showed an accumulation in the right ramus of her mandible which was not evident in any other region. Upon intraoral examination, a relatively well-defined swelling, approximately 30 × 27 mm, was noted from the right mandibular alveolar crest to the buccal region, and it was covered with normal epithelium (Fig. 1) . Computed tomography (CT) revealed a high density, large, round expansive buccolingual osteolytic mass (Fig. 2) . Initial laboratory examinations showed a slight elevation in the patient's liver enzymes. Laboratory results were as follows: aspartate aminotransferase (AST), 79 IU/L; alanine aminotransferase (ALT), 99 IU/L; γ-glutamyl transpeptidase (γ-GTP), 169 IU/L, and negative for hepatitis B surface antigen and hepatitis C antibody. No abnormal findings of the liver were detected in a preoperative indocyanine green (ICG) examination and abdominal echo. On January 7, 2000, a fine needle aspiration and biopsy were performed, and the cytological diagnosis was class V, which strongly suggested a malignant epithelial tumor. To obtain a definitive diagnosis, a biopsy was carried out on January 11, 2000, but the tissue samples were negative for S-100 protein (S100), vimentin, polyclonal keratin (PK), von Willebrand factor (factor VIII) and a melanoma marker (HMB45). On January 25, 2000, a partial resection of mandibular bone and a radical neck dissection of the right side were carried out under the diagnosis of a malignant epithelial tumor, since the tumor was rapidly enlarging. At follow-up after the surgery, laboratory examinations of liver function showed the same tendency as those before surgery, but serum alpha-fetoprotein (AFP) was at a high level (900 ng/ml). As the patient was strongly suspected of having a malignant tumor in a parenchymal organ, such as the liver, she received a systemic examination at the Tokyo Dental College Ichikawa General Hospital. CT images showed several tumor masses which had spread throughout her liver. Because the patient was old and the tumor had enlarged over her entire liver, we followed her without any further treatment. We reexamined the biopsied and resected tissues immunohistochemically using hepatocyte-related markers. As a result, we arrived at a final diagnosis of HCC metastasizing to the oral cavity. On July 23, 2000, the patient's condition suddenly worsened and she died due to respiratory failure. On the same day, an autopsy was performed.
Histopathological findings
The resected tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, and processed for routine histological examination. Microscopically, the tumor was composed mainly of solid epithelioid cell nests with proliferative figures around the scattered vessels with endothelial cells, duct like structure. The tumor cells had abundant eosinophilic cytoplasm that appeared to be finely granular, and contained basophilic round or oval nuclei which included one or two clear nucleoli, and highly thick nuclear wall (Fig. 3a) . For immunohistochemical examination, the streptoavidin-biotinyl immunoperoxidase method was employed using a Histofine SAB-PO (MULTI) kit (Nichirei, Tokyo, Japan). The results of the staining are shown in Table 1 . Immunohistochemically, not only the tumor cells of resected tissues and liver trabecular structures but also compact tumor foci were strongly positive for hepatocyte paraffin 1 (Hep Par 1) (Fig.  3b ) and for cytokeratin 18 (CK 18) (Fig. 3c ), but were not positive for AFP, α-1-antichymotrypsin, polyclonal carcinoembryonic antigen (pCEA), epithelial membrane antigen (EMA), vimentin, PK, S100, neuron-specific enolase (NSE), factor VIII, HMB45, and human T (CD45RO) and B (CD20) lymphocytes (Table 1) . For transmission electron microscopic observation, the tumor tissues were cut into small fragments and were fixed in 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4. The tissue fragments were stored in the same buffer without fixative overnight and were then post-fixed in 4% osmium tetroxide. The tissues were dehydrated in graded alcohol and then were embedded in Epon 812. Thin sections were stained with 2% uranyl acetate and lead citrate and were examined using a Hitachi H7100 transmission electron microscope. Electron microscopically, the tumor cells were arranged close together, and had abundant numbers of cytoplasmic organelles such as mitochondria, rough endoplasmic reticulum, lysosome-like granules, microvilli and duct spaces with intercellular junctional complexes were also observed (Fig. 4) .
Autopsy findings
The autopsy examination revealed large tumors (20 -80 mm) located in the liver, and the remaining nontumorous regions appeared to be mixed macro-and micro-nodular liver cirrhosis. The cut surface of the liver showed uniform structures of light brown color, and well-defined multiple nodular tumor masses with scattered hemorrhages were observed, the macroscopic typing of which corresponded to the confluent multinodular type (Fig. 5) . Metastatic nests were found in the spleen, stomach lymph nodes of greater and lesser curvature, and the 2 nd and 4 th ribs, with 100 ml pleural effusion in the left thoracic cavity, but no lung metastases were evident. The tumor showed histologically pleomorphic features with various sizes of hemorrhages and necroses. The tumor cells displayed trabecular foci, compact patterns and sarcomatoid features of spindle-shaped-and malignant histiocyte-like-cells with strong atypia (Fig. 6) . All tumor cells were negative for alpha-1-antichymotrypsin, pCEA, EMA, vimentin, PK, S100, NSE, factor VIII, HMB45, CD45RO and CD20 (Table 1) .
Discussion
Metastasis of HCC to the mandible is extremely rare. It has been reported that metastasis of malignant tumors to the oral cavity constitutes only approximately 1% of malignant oral neoplasms (1) (2) . Metastatic tumors in the oral cavity are frequently derived from the breast, lung and kidney (1-4) . Many oral metastatic HCCs in the maxilla occur in gingiva, and those in the mandible appear in the internal jawbone (12) . A review of the Japanese and English literature reveals only 5 cases reported in females (including the present case) diagnosed as metastatic HCC of the mandible since the first case reported by Dick et al. in 1957 (9) (Table 2 ). Metastasis of HCC to the oral region was also lower in females than in males, because the reported incidence is higher in males (12, 14) . The patients' ages ranged from 16 to 74 years (mean 59.8 years), and 4 cases were in the sixth to seventh decades. Three of the 5 patients had a past history of liver disease at the first visit, and each of them was diagnosed with HCC. Although 2 of the 5 cases in females (including the present case) had no history of liver disease at the first visit, high readings of AST, ALT and serum AFP were found in case No. 2 reported by Unoki et al. (11) . In the present case, HCC was found by a precise general examination. Numerous oral metastatic HCCs have been discovered with tumor masses, swelling, pain and loosening of mandibular teeth (10) (11) . Other metastatic tumors also reveal the same phenomena. Furthermore, from 32.5 to 73% of metastatic tumors in the oral region have been reported as the first indication of undiscovered primary malignancies at distant sites (1-2, 5-6, 10). Additionally, it has been demonstrated that HCC are asymptomatic in the early stage, and the diagnosis of HCC is sometimes delayed until marked swelling of the liver or manifestation of metastatic involvement is detected (7) (8) . It was difficult to suspect the liver as the primary site in the present case as there was neither a past history of liver disease nor any abnormal findings in preoperative examinations, which included screening for serological markers of hepatitis B and C virus infection, a systemic bone scintigraphy examination, ICG examination and hepatic echo. It is unknown whether the patient was a heavy alcohol drinker, although autopsy findings showed liver cirrhosis. The present case did not show steatohepatitis, while the previous studies suggested that a past history of diabetes mellitus might be a risk factor for hepatitis, cirrhosis and HCC, and the earlier patients were negative for all serological markers of hepatitis B and C virus infection (15) (16) (17) . From these considerations, it is surmised that the HCC in the present case probably progressed from diabetes through hepatitis and cirrhosis. Though the major histological type of liver cancer is known to be HCC (12) , it is sometimes difficult to make an accurate pathological diagnosis, because metastatic HCC exhibits various histological features in tumor nodules (8) . Generally, the histopathological characteristics of HCC include trabecular, pseudoglandular or compact patterns. There are also cytological variants including clear-cell-like and sarcomatoid types. Moreover, it has been demonstrated that tumor cells are accompanied with bile pigment, glycogen, fat, globular hyaline bodies and Mallory hyaline bodies (18) . We found none of those or any sarcomaid components in the resected tissue specimens. AFP, Hep Par 1 and CK18 are immunohistochemically specific markers for HCC (19) (20) (21) . Different results have been reported in HCC-positive ratios for AFP from 17 to 70% (6, (21) (22) . Tsuji et al. noted that the variation of staining for AFP is due to differences in anti-AFP antibodies used, in the fixation of materials and in the immunohistochemical methods (21) . Although Hep Par 1 antibody specifically recognizes HCC, it reacts weakly for some cholangiocarcinomas, gastric carcinomas and pancreatic cancers, and sarcomatoid tumors are generally negative (6, 20) . CK18 is expressed in normal hepatocytes and is also positive in HCC (21) . It has been reported that the sarcomatoid component of HCC sometimes *F: female; §HCC: hepatocellular carcinoma . This suggests that the utility of immunohistochemical examination may increase using combinations of various antibodies, although each antibody has a limit for making a definite diagnosis. Examination by transmission electron microscopy revealed that HCC cells possess lysosome-like granules, abundant mitochondria, microbodies, bile canaliculi-like structures with stubby microvilli, and cell junctional complexes (24) . We resolved the problem of a histologic diagnosis for metastatic HCC in this case using immunohistochemical staining and transmission electron microscopy, although routine clinical laboratory data were normal and histopathological features were different between the primary and metastatic lesions.
In conclusion, we have reported here a rare female case of metastatic HCC to the mandible, which was difficult to diagnose. We also discussed autopsy, immunohistochemical and electron microscopic findings and presented a review of the literature.
